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 Abstract 
 Background: Pancreatic cancer is the fourth leading cause of cancer-related mortality in both 
genders. More than 80% of patients suffer from significant weight loss at diagnosis and over 
time develop severe cachexia. Early nutritional support is therefore essential.  Summary: This 
review evaluates the different nutritional therapies, such as enteral nutrition, parenteral nutri-
tion and special nutritional supplements, on nutritional status, quality of life and survival.  Key 
Message: Due to the high prevalence of malnutrition and the rapid development of anorexia-
cachexia-syndrome, early nutritional intervention is crucial and supported by clinical data. 
 Practical Implications: Enteral nutrition should be preferred over parenteral nutrition. Ome-
ga-3 fatty acids and  L -carnitine are promising substances for the prevention of severe cachex-
ia, but further randomized controlled trials are needed to establish generally accepted guide-
lines on nutrition in pancreatic cancer.  © 2016 S. Karger AG, Basel 
 Introduction 
 Incidence and Prevalence of Pancreatic Cancer 
 Pancreatic cancer (PC) is the fourth leading cause of cancer-related mortality in both 
genders, leading to an all-cause mortality rate of 7% worldwide  [1] . Given that PC is burdened 
with an aggressive tumor biology, most of the patients are diagnosed in a metastasized stage 
with a poor prognosis. With 95% of PC, ductal adenocarcinoma is the most frequent subtype. 
Due to the late occurrence of clinical symptoms, incidence equals mortality. The 5-year 
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survival rate is 8% with a median survival of 5 months  [2, 3] . Several risk factors for PC such 
as age, sex, family history, history of chronic pancreatitis, diabetes, insulin resistance, obesity 
and cigarette smoking have been identified  [4–7] .
 Nutrition-Related Symptoms 
 More than one third of PC patients experience a significant weight loss of >10% of their 
initial body weight prior to diagnosis  [8–10] . The greater number of patients suffer from 
abdominal pain, anorexia, early satiety, nausea, vomiting and diarrhea or constipation  [9] . In 
addition, patients experience changes in metabolism due to increased protein catabolism and 
increased energy expenditure  [11] .
 Incidence of Malnutrition at the Date of Diagnosis 
 Malnutrition characterized by weight loss and decreased dietary intake is common 
among PC patients. More than 80% of patients with PC suffer from significant weight loss at 
diagnosis  [12] and over time develop severe cachexia  [13] . Cachexia is a multifactorial 
syndrome with ongoing loss of skeletal muscle mass with or without fat mass accompanied 
by impaired body function  [14] .
 Influence of Malnutrition on Survival 
 Cachexia is recognized as a major cause of reduced quality of life (QoL), decreased survival 
and treatment failure in patients with PC  [14] . Weight stabilization in case of unresectable PC 
is thus associated with improved survival and QoL  [8] . Patients maintaining stable weight and 
body composition have a better prognosis  [15, 16] . Various studies have revealed that malnu-
trition leads to skeletal muscle wasting and fat degradation, longer hospital stay, increased 
risk of complications as well as reduced response to treatment, shorter survival time, reduced 
QoL and increased morbidity and mortality  [17–19] . If oral nutritional intake is not sufficient, 
additional nutritional therapy is absolutely essential for PC patients to stabilize body weight 
and composition. This review evaluates the different nutritional therapies, such as enteral 
nutrition (EN), parenteral nutrition (PN) and special nutritional supplements, on nutritional 
status, QoL and survival.
 Methods 
 Search Strategy and Selection Criteria 
 A PubMed search was performed for publications from January 1980 through October 2015, using the 
following key words: ‘pancreatic cancer’ OR ‘nutrition’ OR ‘enteral nutrition’ OR ‘parenteral nutrition’ OR 
‘dietary factors’ OR ‘nutritional supplements’ OR ‘quality’ OR ‘life’ OR ‘survival’ OR ‘antioxidants’ OR ‘omega-3 
fatty acids’ OR ‘ L -carnitine’ and combinations of these terms. We restricted our search to studies in English 
and those reporting human studies.
 We excluded case reports, review articles and studies not providing primary data on nutritional support 
in patients with PC. The application of these criteria resulted in 11 studies concerning enteral and PN and 8 
studies on supplementation of omega-3 fatty acids (n-3 FAs) or  L -carnitine shown in  table 1 .
 Results 
 Enteral versus Total Parenteral Nutrition in Patients Undergoing Pancreaticoduodenectomy 
 The six studies identified are listed in  table 1 . All these trials randomized patients after 
pancreaticoduodenectomy to receive different treatment regimens of postoperative nutri-
tional support. Three studies compared EN with total parenteral nutrition (TPN). They 
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revealed that EN is superior in improving the nutritional status compared to PN. TPN is asso-
ciated with an increased rate of complications, loss of body weight, longer duration to first 
bowel movement and a longer time period until normal diet is tolerated. EN is superior to 
TPN in improving nutritional status. Three studies  [20–22] showed that especially immuno-
modulating EN is associated with lower postoperative complications, shorter length of 
hospital stay and lower mortality and morbidity compared to standard EN and TPN.
 The effect of PN compared to standard dextrose-containing solution was examined in one 
study  [23] . The authors could not show a benefit by the use of PN and complications were 
significantly greater in the TPN group.
 Parenteral Nutrition in Patients with Cancer Cachexia 
 Data on the effect of PN in patients with severe cancer cachexia were available from two 
studies. In the first one  [24] , patients with cancer cachexia received home PN over 1, 2 or
3 months. There was an improvement in global QoL (from 37.1 to 49.2; p = 0.02), Subjective 
Global Assessment (SGA) and weight (from 57.6 to 60.0 kg; p = 0.04) after 2 months and in 
global QoL (from 30.6 to 54.4; p = 0.02), SGA and weight (from 61.1 to 65.9) after 3 months 
of treatment. In the second one, Pelzer et al.  [25] showed a benefit of additional PN on param-
eters of body composition in patients with PC. Body mass index (BMI) increased from 19.7 to 
20.5, median phase angle improved by 10% from 3.6 to 3.9 and extracellular mass/body cell 
mass index improved down from 1.7 to 1.5.
 Oral Supplementation in Patients with Pancreatic Cancer 
 Weight stabilization by the use of oral supplementation was examined in two studies  [8, 
26] . Over an 8-week period the authors found an improvement in weight by 0.5 kg (p = 0.052), 
but they did not detect a difference in lean body mass (LBM). Patients with stable weight had 
a higher energy intake (p = 0.004) in comparison to patients with weight loss. Patients with 
stable weight had a median survival of 259 days (95% CI 229–289 days) compared to 164 
days (95% CI 97–231 days) for patients who continued to lose weight. The authors also 
concluded that patients with stable weight reported a better QoL  [8] .
 Fish Oil Supplementation in Pancreatic Cancer Patients 
 Five studies concerning oral supplementation of eicosapentaenoic acid (EPA) pure or in 
the form of an oral nutritional supplement and one with a supplementation to TPN were iden-
tified and are listed in  table 1 . All patients recruited to the studies had lost weight prior to 
study entry. The amount of EPA given ranged from 2.2 g in the oral supplements and was 
dosed from 1.0 to 6.0 g EPA daily over 4 weeks in the pure oral supplementation study of 
Wigmore et al.  [27] . An oral supplementation of high-purity EPA was used in weight-losing 
advanced PC patients. Median weight loss decreased significantly after 4 weeks of EPA supple-
mentation and remained significant after 8 and 12 weeks. There was no change in anthropo-
metric data, body composition, nutritional intake or performance status. Fearon et al.  [28] 
showed a dose-response relationship of EPA on weight gain and LBM gain. Increased plasma 
levels of EPA were associated with weight gain and LBM gain. Weight gain was also associated 
with an improved QoL, but only in the EPA-supplemented group. The three studies of Barber 
et al.  [29–31] revealed an effect of EPA on weight gain, decreasing resting energy expenditure 
(REE) and improved performance status and appetite. They also demonstrated that this 
anabolism is associated with a significant decline in peripheral blood mononuclear cell IL-6 
production, a rise in serum insulin concentrations, a decrease in the cortisol to insulin ratio 
and a decline in the proportion of patients excreting proteolysis-inducing factor. In the fasting 
state, cancer patients had a lower serum insulin concentration, elevated REE per unit weight 
and an increased rate of fat oxidation. Under EPA the fasting insulin concentration increased 
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and a normalization of energy expenditure, with a fall in REE per unit weight and a rise in
the apparent metabolic cost of feeding, was documented. Substrate utilization was also nor-
malized.
 Fish Oil and Parenteral Nutrition in Postoperative Pancreatic Cancer Patients 
 In the study by Heller et al.  [32] , postoperative patients received TPN supplemented with 
fish oil versus TPN with soy oil for 5 days. The fish oil TPN improved liver and pancreas 
parameters in the postoperative course and patients maintained their weight in contrast to 
soy oil-supplemented TPN. Patients with an increased risk of developing sepsis showed a 
tendency for a shorter intensive care unit stay under fish oil.
 Fish Oil and Gemcitabine in Pancreatic Cancer Patients 
 The study of Arshad et al.  [33] demonstrated that intravenous n-3 FAs in combination 
with gemcitabine resulted in improved activity and benefit to QoL in patients with advanced 
PC.
 L -Carnitine Supplementation in Pancreatic Cancer Patients 
 The study by Kraft et al.  [34] revealed that supplementation with  L -carnitine decreased 
weight loss, increased BMI and improved the nutritional status and QoL in PC patients in 
contrast to placebo. 
 Conclusions and Advices for Daily Practice 
 Unfortunately there are only few studies on the nutritional aspects of PC, partly explained 
by the short survival of those patients. Because of the high prevalence of malnutrition and 
rapid development of the anorexia-cachexia-syndrome, early nutritional intervention is 
crucial as suggested by the studies discussed above. EN should be preferred in comparison to 
PN whenever possible. There are some investigations that examined specific nutritional 
supplements like fish oil and  L -carnitine. The results of these studies are somehow limited 
due to the low number of participants and in some studies control groups are lacking. 
However, all studies show a positive trend for those compounds with a beneficial impact on 
the reduction or reversion of weight loss and tissue wasting. Further randomized controlled 
trials are needed to establish generally accepted guidelines for nutrition in PC.
 Acknowledgement 
 This work was supported by the Deutsche Krebshilfe/Dr. Mildred-Scheel-Stiftung (109102), the Eu-
ropean Union (EU-FP-7: EPC-TM) and EFRE-State Ministry of Economics MV (V-630-S-150-2012/132/133).
 Disclosure Statement 
 All authors of the study substantially contributed to this review. None of the authors has any commercial 
conflict of interest in this review and none has received direct salary support from industry.
 
201 Gastrointest Tumors 2015;2:195–202 
 DOI: 10.1159/000442873 
 Gärtner et al.: Nutrition in Pancreatic Cancer: A Review 
www.karger.com/gat
© 2016 S. Karger AG, Basel
 References 
  1 Siegel RL, Miller KD, Jemal A: Cancer statistics, 2015. CA Cancer J Clin 2015; 65: 21254.5–29. 
  2 Reissfelder C, Koch M, Büchler MW, Weitz J: Pankreaskarzinom. Chirurg 2007; 78: 1059–1072. 
  3 Seufferlein T, Porzner M, Becker T, Budach V, Ceyhan G, Esposito I, Fietkau R, Follmann M, Friess H, Galle P, 
Geissler M, Glanemann M, Gress T, Heinemann V, Hohenberger W, Hopt U, Izbicki J, Klar E, Kleeff J, Kopp I, 
Kullmann F, Langer T, Langrehr J, Lerch M, Löhr M, Lüttges J, Lutz M, Mayerle J, Michl P, Möller P, Molls M, 
Münter M, Nothacker M, Oettle H, Post S, Reinacher-Schick A, Röcken C, Roeb E, Saeger H, Schmid R, Schmiegel 
W, Schoenberg M, Siveke J, Stuschke M, Tannapfel A, Uhl W, Unverzagt S, van Oorschot B, Vashist Y, Werner J, 
Yekebas E; Guidelines Programme Oncology AWMF; German Cancer Society eV; German Cancer Aid: 
S3-Leitlinie zum exokrinen Pankreaskarzinom. Z Gastroenterol 2013; 51: 1395–1440. 
  4 Klapman J, Malafa MP: Early detection of pancreatic cancer: why, who, and how to screen. Cancer Control 
2008; 15: 280–287. 
  5 Ghadirian P, Liu G, Gallinger S, Schmocker B, Paradis AJ, Lal G, Brunet JS, Foulkes WD, Narod SA: Risk of 
pancreatic cancer among individuals with a family history of cancer of the pancreas. Int J Cancer 2002; 97: 
 807–810. 
  6 Ghadirian P, Simard A, Baillargeon J: Tobacco, alcohol, and coffee and cancer of the pancreas. A population-
based, case-control study in Quebec, Canada. Cancer 1991; 67: 2664–2670. 
  7 Hassan MM, Bondy ML, Wolff RA, Abbruzzese JL, Vauthey JN, Pisters PW, Evans DB, Khan R, Chou TH, Lenzi R, 
Jiao L, Li D: Risk factors for pancreatic cancer: case-control study. Am J Gastroenterol 2007; 102: 2696–2707. 
  8 Davidson W, Ash S, Capra S, Bauer J; Cancer Cachexia Study Group: Weight stabilisation is associated with 
improved survival duration and quality of life in unresectable pancreatic cancer. Clin Nutr 2004; 23: 239–247. 
  9 Ferrucci LM, Bell D, Thornton J, Black G, McCorkle R, Heimburger DC, Saif MW: Nutritional status of patients 
with locally advanced pancreatic cancer: a pilot study. Support Care Cancer 2011; 19: 1729–1734. 
 10 Richter E, Denecke A, Klapdor S, Klapdor R: Parenteral nutrition support for patients with pancreatic can-
cer – improvement of the nutritional status and the therapeutic outcome. Anticancer Res 2012; 32: 2111–2118. 
 11 Andersson R, Dervenis C, Haraldsen P, Leveau P: Nutritional aspects in the management of pancreatic cancer. 
Ann Gastroenterol 2000; 13: 221–224. 
 12 Bye A, Jordhøy MS, Skjegstad G, Ledsaak O, Iversen PO, Hjermstad MJ: Symptoms in advanced pancreatic 
cancer are of importance for energy intake. Support Care Cancer 2013; 21: 219–227. 
 13 Mueller TC, Burmeister MA, Bachmann J, Martignoni ME: Cachexia and pancreatic cancer: are there treatment 
options? World J Gastroenterol 2014; 20: 9361–9373. 
 14 Ozola Zalite I, Zykus R, Francisco Gonzalez M, Saygili F, Pukitis A, Gaujoux S, Charnley RM, Lyadov V: Influence 
of cachexia and sarcopenia on survival in pancreatic ductal adenocarcinoma: a systematic review. Pancre-
atology 2015; 15: 19–24. 
 15 Sharma C, Eltawil KM, Renfrew PD, Walsh MJ, Molinari M: Advances in diagnosis, treatment and palliation of 
pancreatic carcinoma: 1990–2010. World J Gastroenterol 2011; 17: 867–897. 
 16 Bachmann J, Ketterer K, Marsch C, Fechtner K, Krakowski-Roosen H, Büchler MW, Friess H, Martignoni ME: 
Pancreatic cancer related cachexia: influence on metabolism and correlation to weight loss and pulmonary 
function. BMC Cancer 2009; 9: 255. 
 17 Fearon KCH, Baracos VE: Cachexia in pancreatic cancer: new treatment options and measures of success. HPB 
(Oxford) 2010; 12: 323–324. 
 18 Kyle UG, Pirlich M, Lochs H, Schuetz T, Pichard C: Increased length of hospital stay in underweight and over-
weight patients at hospital admission: a controlled population study. Clin Nutr 2005; 24: 133–142. 
 19 Bachmann J, Heiligensetzer M, Krakowski-Roosen H, Büchler MW, Friess H, Martignoni ME: Cachexia worsens 
prognosis in patients with resectable pancreatic cancer. J Gastrointest Surg 2008; 12: 1193–1201. 
 20 Klek S, Sierzega M, Szybinski P, Szczepanek K, Scislo L, Walewska E, Kulig J: The immunomodulating enteral 
nutrition in malnourished surgical patients – a prospective, randomized, double-blind clinical trial. Clin Nutr 
2011; 30: 282–288. 
 21 Gianotti L, Braga M, Gentilini O, Balzano G, Zerbi A, Di Carlo V: Artificial nutrition after pancreaticoduode-
nectomy. Pancreas 2000; 21: 344–351. 
 22 Di Carlo V, Gianotti L, Balzano G, Zerbi A, Braga M: Complications of pancreatic surgery and the role of periop-
erative nutrition. Dig Surg 1999; 16: 320–326. 
 23 Brennan MF, Pisters PW, Posner M, Quesada O, Shike M: A prospective randomized trial of total parenteral 
nutrition after major pancreatic resection for malignancy. Ann Surg 1994; 220: 436–441; discussion 441–444. 
 24 Vashi PG, Dahlk S, Popiel B, Lammersfeld CA, Ireton-Jones C, Gupta D: A longitudinal study investigating 
quality of life and nutritional outcomes in advanced cancer patients receiving home parenteral nutrition. BMC 
Cancer 2014; 14: 593. 
 25 Pelzer U, Arnold D, Gövercin M, Stieler J, Doerken B, Riess H, Oettle H: Parenteral nutrition support for patients 
with pancreatic cancer. Results of a phase II study. BMC Cancer 2010; 10: 86. 
 26 Bauer J, Capra S, Battistutta D, Davidson W, Ash S: Compliance with nutrition prescription improves outcomes 
in patients with unresectable pancreatic cancer. Clin Nutr 2005; 24: 998–1004. 
 27 Wigmore SJ, Barber MD, Ross JA, Tisdale MJ, Fearon KC: Effect of oral eicosapentaenoic acid on weight loss in 
patients with pancreatic cancer. Nutr Cancer 2000; 36: 177–184. 
202 Gastrointest Tumors 2015;2:195–202 
 DOI: 10.1159/000442873 
 Gärtner et al.: Nutrition in Pancreatic Cancer: A Review 
www.karger.com/gat
© 2016 S. Karger AG, Basel
 28 Fearon KC, Von Meyenfeldt MF, Moses AG, Van Geenen R, Roy A, Gouma DJ, Giacosa A, Van Gossum A, Bauer J, 
Barber MD, Aaronson NK, Voss AC, Tisdale MJ: Effect of a protein and energy dense N-3 fatty acid enriched 
oral supplement on loss of weight and lean tissue in cancer cachexia: a randomised double blind trial. Gut 
2003; 52: 1479–1486. 
 29 Barber MD, Ross JA, Voss AC, Tisdale MJ, Fearon KC: The effect of an oral nutritional supplement enriched with 
fish oil on weight-loss in patients with pancreatic cancer. Br J Cancer 1999; 81: 80–86. 
 30 Barber MD, Fearon KC, Tisdale MJ, McMillan DC, Ross JA: Effect of a fish oil-enriched nutritional supplement 
on metabolic mediators in patients with pancreatic cancer cachexia. Nutr Cancer 2001; 40: 118–124. 
 31 Barber MD, McMillan DC, Preston T, Ross J, Fearon KC: Metabolic response to feeding in weight-losing 
pancreatic cancer patients and its modulation by a fish-oil-enriched nutritional supplement. Clin Sci (Lond) 
2000; 98: 389–399. 
 32 Heller AR, Rössel T, Gottschlich B, Tiebel O, Menschikowski M, Litz RJ, Zimmermann T, Koch T: Omega-3 fatty 
acids improve liver and pancreas function in postoperative cancer patients. Int J Cancer 2004; 111: 611–616. 
 33 Arshad A, Isherwood J, Mann C, Cooke J, Pollard C, Runau F, Morgan B, Steward W, Metcalfe M, Dennison A: 
Intravenous ω-3 fatty acids plus gemcitabine: potential to improve response and quality of life in advanced 
pancreatic cancer. JPEN J Parenter Enteral Nutr 2015, Epub ahead of print. 
 34 Kraft M, Kraft K, Gärtner S, Mayerle J, Simon P, Weber E, Schütte K, Stieler J, Koula-Jenik H, Holzhauer P, Gröber 
U, Engel G, Müller C, Feng YS, Aghdassi A, Nitsche C, Malfertheiner P, Patrzyk M, Kohlmann T, Lerch MM: 
 L -Carnitine-supplementation in advanced pancreatic cancer (CARPAN) – a randomized multicentre trial. Nutr 
J 2012; 11: 52. 
 35 Park JS, Chung HK, Hwang HK, Kim JK, Yoon DS: Postoperative nutritional effects of early enteral feeding 
compared with total parental nutrition in pancreaticoduodenectomy patients: a prospective, randomized 
study. J Korean Med Sci 2012; 27: 261–267. 
 36 Nagata S, Fukuzawa K, Iwashita Y, Kabashima A, Kinoshita T, Wakasugi K, Maehara Y: Comparison of enteral 
nutrition with combined enteral and parenteral nutrition in post-pancreaticoduodenectomy patients: a pilot 
study. Nutr J 2009; 8: 24. 
 37 Liu C, Du Z, Lou C, Wu C, Yuan Q, Wang J, Shu G, Wang Y: Enteral nutrition is superior to total parenteral 
nutrition for pancreatic cancer patients who underwent pancreaticoduodenectomy. Asia Pac J Clin Nutr 2011; 
 20: 154–160. 
 
